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CHRIS HEAL y3 
SUMMARY 
A test program on purlin-sheeting systems with concealed fasteners 
has been performed at the University of Sydney in a vacuum test 
rig. The test rig used a conventional vacuum box to simulate wind 
uplift. Z-section purlins were tested in three span lapped 
configurations, and as simple spans. The test purlins were 
supported by a range of bracing (bridging) members ranging from 
zero to two braces per span. In addition, a range of section 
slenderness values was used so as to precipitate both local buckling 
and yielding failures in the section. The purpose of the paper is to 
compare the test results with design loads in the Australian 
Standard AS 1538-1988 based on a flexural-torsional buckling 
analysis. 
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Roof systems composed of profiled high tensile steel sheeting screw-fastened to cold-formed 
steel purlins of high strength steel are common in Australia. The sheeting may be attached to 
the purlins by one of two methods. The first is systems where the sheeting is screw-fastened to 
the purlins either through its troughs (pans) or crests (ribs) using self-tapping screws. The 
alternative fastener system usually involves clips, or concealed fasteners, with standing seam 
sheeting or interlocking sheeting. 
An extensive test program on purlin-sheeting systems with screw-fastening was performed in the 
vacuum test rig at the University of Sydney. The results of these tests (called Series 1-4) were 
presented at the 10th and 11th International Specialty Conferences on Cold-Formed Steel 
Structures. (Hancock, et al (1990), Hancock, Celeban and Healy (1992» and are published in 
Hancock, Celeban and Healy (1993). Two more recent test series have been performed on 
purlin-sheeting systems with concealed fasteners. These are Series 5 for simply supported 
purlins, and Series 6 for continuous lapped Z-section purIins. The test series used two of the 
most common concealed fastener sheeting systems available in Australia today. They are 
Lysaght's Klip-Lok (1991, 1992) and Stramit's Speed Deck 500 (1990). This paper describes 
the test results from the two test Series 5 and 6. The results of the clip-fastened systems are 
compared with those of the screw-fastened systems described in earlier papers. 
2 TEST RIG 
The test rig consists of a vacuum chamber of length 21 metres (68 ft 10.5 in), of height 4 
metres (13 ft 1.5 in) and of width approximately 1 metre (39.3 in). The front and back planes 
(21m x 4 m) consist of purlin and sheeting roofing systems sealed with plastic sheeting located 
between the purIins and metal roof sheeting. A cross-section of the rig is shown in Fig. 1. 
The top, bottom and end planes consist of stiffened steel plating with the stiffeners external to 
the vacuum chamber. The plastic sheeting is attached to the top, bottom and end planes in such 
a way as not to constrain the roofing system under test. 
Transverse support frames, as shown in Fig. 1, support vertical I-section steel members with 
cleats attached. The vertical members simulate rafters in prototype structures. The purlins are 
attached to the cleats on the vertical members. The purlins and sheeting are not attached to the 
vacuum chamber or support frames at any other points other than through the bridging members 
described in Section 3.4. 
Air is sucked from the chamber using a Nucon Exhauster with capacity 3600 m3 per hour. The 
pressure in the chamber is controlled by an adjustable flap at the northern end which provides a 
controlled leak. The pressure difference between the inside and outside of the chamber is 
measured using two pressure transducers, one at either end of the rig. 
3 TEST SPECIMENS 
3.1 Overall Geometry 
The overall dimensions of the simply supported test specimens in Series 5 were 7 metres (22 ft 
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11.5 in) long by 4 metres (13 ft 1.4 in) high as shown in Fig. 2(a). The 3 lines ofpuriins were 
equally spaced at 1400 mm (55.1 in) with the edge puriins approximately 600 mm (23.6 in) 
from the top and bottom of the sheeting. The ribs of the sheeting were located vertically. The 
simply supported puriins in the centre of the rig were attached to cleats at 7000 mm (22 ft 11.5 
in) centres. The end spans shown in Fig. 2(a) , which were not tested, consisted of 4 lines of 
purlins Z300-25 sections. The purlins were equally spaced at 1200 mm (47.2 in) with the edge 
puriins 200 mm from the top and bottom of the sheeting. 
The overall dimensions of the three span continuous lapped specimens in Series 6 were 21 
metres (68 ft 10.5 in) long by 4 metres (13 ft 1.5 in) high as shown in Fig. 2(b). The 3 lines 
of purlins were equally spaced at 1400 mm (55.1 in) with the edge purlins approximately 600 
mm from the top and bottom of the sheeting. The ribs of the sheeting were located vertically. 
The purlins were attached to cleats at 7000 mm (22 ft 11.5 in) centres and were lapped over 
900 mm (35.4 in) at the two interior supports. 
3.2 Puriin Types and Dimensions 
Two basic Z-sections were used for the Series 5 tests (Z200-19 and Z200-25). They were 
nominally 200 mm (7.87 in) deep with 1.9 mm (0.075 in) and 2.5 mm (0.098 in) nominal 
thickness respectively. The mean measured overall depth, overall flange width (both flanges), 
overall lip depth (both lips), total thickness including coatings are summarised in Table l(a) and 
the actual measured yield and ultimate tensile strengths are summarised in Table l(b). The 
Z200-25 sections were used for Test Nos S5L1 - S5L3. The Z200-19 sections were used for 
Test Nos S5S1 - S5S3. Details of the test configurations are given in Table 2. 
Three basic Z-sections were used for the Series 6 tests (ZI50-19, Z200-19 and Z200-15). They 
were nominally 150 mm (5.90 in) deep with 1.9 mm (0.075 in) thick and 200 mm (7.87 in) 
deep with 1.9 mm (0.075 in) and 1.5 mm (0.059 in) thickness respectively. The mean 
measured overall depth, overall flange width (both flanges), overall lip depth (both lips) and 
total thickness including coatings are summarised in Table l(a) and the actual measured yield 
and ultimate tensile strengths are summarised in Table 1(b). The Z150-19 sections were used 
for Test Nos S6L1 and S6S2. The Z200-19 section was used for Test No. S6L2 and the Z200-
15 section was used for Test No. S6S1. Details of the test configurations are given in Table 2. 
3.3 Sheeting Types and Screw Fastenings 
Two different sheeting types were used for the tests. Tests S5L1 - S5L3 and S6L1, S6L2 used 
Lysaght Klip-Lok sheeting. Tests S5S1 - S5S3 and S6S1, S6S2 used Stramit Speed Deck 
sheeting. The mean measured thickness, including coatings, were 0.53 mm (0.021 in) and 0.54 
mm (0.021 in) respectively. Both of these sheetings, although from different manufacturers, 
had similar profiles, as shown in Fig. 4. 
Two different types of clips were used as fasteners in this series of tests. For Test Nos S5L1 -
S5L3, and S6L1, S6L2, Lysaght Klip-Lok Clips were used and for Test Nos S5S1 - S5S3 and 
S6S1, S6S2, Stramit Speed Deck 500 Clips were used. The two different clips are 
commercially available and are pictured in Fig. 3, along with the alternative screw fasteners for 
both crest (rib) and trough (pan) fixing. 
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3.4 Bridging 
The bridging consisted of 76.3 mm (3.0 in) x 32.5 mm (1.3 in) x 1.25 (0.05 in) (TCT) 
unlipped channels bolted at each end to the webs of the purlins. The number of rows of 
bridging used for each test is summarised in Table 2. The configuration designated 0 refers to 
no bridging and was used for Test Nos S5L1 and S5S1. The bridging designated 1 refers to 
one row of bridging and was used for Test Nos S5L2, S5S2 and S5RS2. It was located at the 
centre of the span. The bridging designated 2 refers to two rows of bridging and was used for 
Test Nos S5L3 and S5S3. It was located 2450 mm (96.5 in) from each end of the span. 
The bridging designated 1-1-1 refers to one row of bridging in each span of the continuous 
lapped purlins and was used for all 3 span tests. The bridging was located at the centre of the 
centre span and 2800 nml (110.2 in) from the free end of the two end spans. 
To prevent the whole system moving vertically, a simple wheel system was attached to the 
bridging for those tests with bridging. The system consisted of a steel wheel located between 
two unlipped channels at their top ends for tests S5L2 and S5L3. The wheel rolled across the 
top plate of the vacuum rig. The channels were connected at their lower ends to the top purl in 
by bolts at the position of the bridging members. The wheel could move inward with the 
purlins during loading whilst providing extra stiffness to the system in the vertical direction. 
The channels supporting the wheels were in compression during loading in tests S5L2 and S5L3 
causing a buckling problem in the unlipped channels and resulting in the wheel system twisting 
about its vertical axis. 
To eliminate buckling associated with the first wheel system, an alternative wheel system was 
adopted for Test Nos S5S2, S5RS2 and S5S3. The wheels were located at the bottom of the rig 
and were allowed to move inwards during loading. The vertical post fixed to the wheels was 
connected to the underside of the bottom purlin at the position of the bridging and prevented the 
purlins from moving up at the bridging point. In this case, the member supporting the wheel 
was subject to a tensile force rather than a compressive force. The wheels bore upon two 
telescopic horizontal arms which acted as a guide for the wheels. The telescopic arms consisted 
of two steel channels which slid over two standard RHS. The RHS were connected to a very 
stiff SHS which was mounted on the laboratory strong floor. The top RHS and the steel angles 
bolted to the vertical post were used, during testing, to transfer the load from the wheels to the 
portable jack. This was carried out to enable the steel channels to slide over the RHS without 
requiring force to overcome the wheel loads. The extension of the arms allowed the wheel to 
move further inwards until the end of the test. 
3.5 Cleats. Laps and Bolts 
Two-hole cleats were used for all lapped tests. The cleats had nominal section dimensions 100 
mm (3.94 in) x 310 mm (3.20 in) x 12 mm (0.47 in). Two M12 Grade 8.8 (lh in) bolts were 
used at each cleat. All bolts were torqued to 54 N.m (40 ft. lb). 
Three bolts were used in both ends of each lap for all tests; two bolts in the web and one bolt in 
the free flange. The distance between the bolt centrelines for all laps was 900 mm (35.4 in). 
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4 TEST PROCEDURE AND INSTRUMENTATION 
4.1 Instrumentation 
4.1.1 Displacement and Pressure Transducers 
The tests were instrumented to electronically measure displacements and pressures. Six 
displacement transducers were used to measure the vertical and horizontal displacements of the 
Series 5 purlins at their centres for Test Nos S5L1, S5L2, S5L3, S5S1, S5S3. For Test Nos 
S5S2 and S5RS2, nine displacement transducers were used to measure the vertical and 
horizontal displacements of the purlins. Of these nine transducers, three transducers were used 
to measure the horizontal displacement at the centre of each of the three purlins. Six 
transducers were used to measure the vertical displacement and they were placed at the third 
points in the span of each of the three purlins. Eighteen displacement transducers were used to 
measure the vertical and horizontal displacements of the purlins in each of the three spans of the 
Series 6 tests. The displacement transducers were connected to the test specimen by long wires 
so that displacements normal to the direction being measured did not produce a significant 
alteration in the readings. 
Two pressure transducers were used, one at each end of the vacuum rig. They were connected 
to the data logger which consisted of a SPECTRA-ms Base System interfacing to an AT 
compatible computer. 
4.1.2 Strain Gauges 
To determine the force restraining the bridging members during loading, strain gauges were 
attached at the sides of the vertical post holding the wheel for Test Nos S5S2, S5RS2 and S5S3, 
and all of the Series 6 specimens. Four gauges were attached on two opposite sides with two 
on each side, and were positioned almost at mid height of the vertical post. 
4.2 Test Procedure 
The pressure was generally increased in 0.2 kPa (4.2 pst) increments until the vicinity of failure 
where the increment was reduced to approximately 0.1 kPa (2.1 pst). Readings of pressure and 
displacement were taken at all increments. Readings were normally taken after unloading to 
determine the permanent deformation in the structure. 
For Test No. S5L1, where sheeting pulled away from the purlins at approximately 1.0 kPa 
(20.9 pst), the test was stopped and the sheets were reclipped. The test recommenced by 
reloading to the maximum previous load increment and at that point the normal load procedure 
was followed. 
For Test No. S5L2, the test was unloaded from 2.0 kPa (41.8 pst) to fix the tear in the plastic 
sheeting and the test recommenced after repair. The test was stopped again at 1.6 kPa (33.4 
pst) because the southern end panel pulled away from the purlins. Three screw fasteners were 
added at each purlin and the test recommenced. 
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For Test No. S5L3, the test was unloaded at 1.0 kPa (20.9 pst) to add one missing screw at the 
southern end middle purlin and the test recommenced after repair. At 2.7 kPa (56.4 pst), the 
top south wheel system started to buckle and the test was stopped at 2.9 kPa (60.6 pst) to 
stiffen the bridging and to inspect the plastic sheeting. The test was recommenced after the 
repair was carried out. At 3.0 kPa (62.6 pst), the test was unloaded to 1.8 kPa (37.6 pst) to 
adjust the twisted wheels before reloading using the normal load increment procedure. 
For Test No. S5S2, where the alternative wheel system was used, it was believed that the rigid 
connection between the bottom purlin and the RHS tie distorted the purlin during loading. The 
rigidity of the connection may have contributed to the stiffener buckle in the vicinity of the 
wheel system. The connection between the RHS tie and the purlin was modified to allow purlin 
rotation and the test was repeated after new purIins were provided. The repeated test was 
called Test No. S5RS2. 
For Test No. S5RS2, it was noted that at 1.42 kPa (29.6 pst), the top purIin started distorting. 
The test was unloaded and the vertical post connecting the wheel system to the bottom purlin 
was disconnected from the purIins. The test was reloaded to the same load again and it wa.s 
noted that permanent distortional deformation had occurred for the top and middle purIins. The 
test was then unloaded and the vertical post reconnected to the bottom purIin. The test 
recommenced and loading continued until failure took place. 
For Test No. S5S3, where a tear occurred in the plastic sheeting, the test was unloaded at 0.8 
kPa (16.7 pst) and the test recommenced after repair. 
For Test No. S6L1, the test was unloaded from 1.1 kPa (23.0 pst) to fix the dislocated wheel 
system in the northern end span and the test recommenced after repair. 
For Test No. S6S1, where the sheeting panel at the southern end of the rig pulled away from 
the purlins at 1.7 kPa (35.5 pst), the test was stopped and the loose sheet was screw fastened at 
each purIin and the test recommenced. 
5 TEST RESULTS 
5.1 Measured Failure Pressures 
A complete summary of the measured pressure differences at failure is given in Table 3. The 
range for the Series 5 Z200-25 sections varied from 1.81 kPa (37.8 pst) for the Z200-25 with 
no bridging to a value of 3.45 kPa (72.0 pst) for the Z200-25 with two rows of bridging. 
For the Series 5 Z200-19 sections, the range varied from 1.50 kPa (31.3 pst) for Test S5S2 
with one row of bridging to a value of 1.92 kPa (40.1 pst) for Test S5S3 with two rows of 
bridging. The low value for Test S5S2, may be attributed to the local effect resulting from the 
way the vertical post of the wheel system was connected to the bottom purIin. 
For the Series 6 tests, the range varied from 1.87 kPa (39.0 pst) for the Z150-19 to a value of 
2.7 kPa (56.4 pst) for the Z200-19. 
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5.2 Failure Modes 
In all Series 5 tests other than Test No. S5L1, failure involved local buckling of the purlin 
section at the flange-web junction, the lip-stiffener or across the whole flange. For Test No. 
S5L1 , the specimen failed when the sheeting broke away from central purlin which had 
undergone very substantial twisting. For Test No. SSS1, the specimen failed by a single 
flange-web local buckle occurring towards the centre of the purlins. The purlins with one row 
of bridging (Test Nos S5L2, S5S2 and SSRS2) generally had a lip-stiffener buckle in the section 
on one side of the bridge, in combination with a flange-web local buckle in the section of purlin 
on the other side of the bridge. The lip-stiffener buckle generally occurred closer to the 
bridging point. The purlins with two rows of bridging (Test Nos S5L3 and S5S3) underwent a 
combination of a flange-web local buckle in the vicinity of the centre of the span and a lip-
stiffener buckle adjacent to the bridge points. 
In all Series 6 tests, failure involved local buckling of the purlin section at the flange-web 
junction, the lip-stiffener and/or across the whole flange. All purlins failed in the end span, and 
for Test No. S6S1, significant distortion occurred at the end of the lap in the southern end span. 
The purlins generally had a lip-stiffener buckle in the section on one side of the bridge, in 
combination with a flange-web local buckle in the section of puriin on the other side of the 
bridge. The flange-web local buckle generally occurred closer to the bridging point. In some 
instances, the flange-web local buckle occurred at the bridging point. For Test S6L1, the 
purlins underwent a lip-stiffener buckle alone in the vicinity of the bridging. 
5.3 Load-Deflection Response 
The load-deflection responses of all Series 5 and 6 specimens are given in Centre for Advanced 
Structural Engineering (1991, 1993) respectively. 
All tests exhibited some nonlinearity in the pressure-displacement response up to O.S kPa (lOA 
pst), probably as a result of slipping of the puriins at the cleats as friction between the cleat and 
puriin was overcome. 
5 A Determination of Purlin Flexibilities 
One of the main purposes of the deflection measurements perpendicular to the plane of the wall 
system was to determine the initial flexibilities of the top (F(TOP», the centre (F(CENTRE» 
and the bottom (F(BOTTOM» purlins so that the proportion of the total load carried by each of 
the purlins could be estimated. 
The ratios (F(TOP)/F(A VERAGE» are given in Table 4 based on the secant values at 0.6 kPa 
(12.5 pst) and 1.2 kPa (2S.1 pst). For tests involving unloading and reloading, the ratio was 
calculated using the reloading curve after the test was stopped and restarted. The value of 
F(A VERAGE) was calculated as : 
F(A VERAGE) = (F(TOP) + F(CENTRE) + F(BOTTOM» I 3 
The mean value of F(TOP)/F(AVERAGE) computed for Test Nos S5L1 - S5L3, at 1.2 kPa 
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(25.1 pst) is 1.065. For Test Nos S5S1 - S5S3, the mean value of F(TOP)/F(AVERAGE) at 
1.2 kPa (25.1 pst) is 1.07. 
The mean value of F(TOP)/F(A VERAGE) computed for Test Nos S6L1 and S6L2 is 1.014 and 
1.058 respectively and for Test Nos S6S1 and S6S2, the mean value is 1.06 and 1.086 
respectively. 
5.5 Loads on Top Purlin 
The line loads on the top purlin may be computed from the average line loads on the 
assumption that the relative deflections are a result of the relative loads, and that the mean value 
for a certain purlin size can be used for all tests of that size, so that : 
Computed Line Load 
on Top Purlin 
= Average X F (TOP) 
F(TOP) + F(CENTRE) + F(BOTTOM) X 3 
The computed values for the top purlin are set out in Table 3. The percentage increase for the 
top purlin, based on the measured displacements, is 6.5 and 7 percent for the Z200-25 and the 
Z200-19 purlins respectively in the Series 5 tests. The percentage increase for the top purlin, 
based on the measured displacements, is 5.8 and 6 percent for the Z200-19 (S6L2) and the 
Z200-15 (S6S1) purlins respectively, while the average percentage increase for the Z150-19 is 
1.4 percent for Test S6L1 and 8.6 percent for Test S6L2. 
If the load is apportioned between the top, centre and bottom purlins based on the assumption 
that the sheeting is a continuous beam spanning the three purlins which are assumed not to 
deflect, then the load on each of the three purlins can be determined theoretically from a 
statically indeterminate beam analysis to be the same. This analysis assumes that the top and 
bottom purlins are equally spaced from the edges of the sheeting. Experimentally, the load ratio 
was calculated for the top purlin because it deflected slightly more than the bottom purlin in all 
tests indicating that a slightly larger load was carried by the top purlin. This was caused by the 
slightly greater sheeting area supported by the top purlin as shown in Fig. 2. 
It should be appreciated that the computed line loads are based on several assumptions. These 
assumptions are: 
(a) The average value of all the tests of a ceruiin size purlin has been used to compute the 
load on each test even though there is a variation from one test to the next. 
(b) The values of flexibility are based on the deflections at 0.6 kPa (12.5 pst) or 1.2 kPa 
(25.1 pst) and not those at ultimate. There may be a redistribution of loads between the 
purlins as the ultimate load of the system is approached. However the nature of the 
structural response of the bridged purlins, which is almost linear up to the point of 
localised failure, indicates that this method is fairly sound. 
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5.6 Strain Gauges Measuring Forces in Bridging 
The measured strains in the instrumented vertical RHS of the alternate wheel system were used 
to calculate the force in the RHS during loading for Test Nos S5S2, S5RS2 and S5S3 and all of 
the Series 6 tests. The force in the RHS was calculated using E'lee' = 200,000 MPa (29000 
ksi), the average measured strains in'microstrain and the nominal cross section area of the RHS 
section of A = 616 mm2 (0.95 in2). The maximum values of total force in the bridging was 7 
kN'(1.57 kips) at 1.5 kPa (31.3 pst) fot S5RS2, 7.5 kN (1.69 kips) at ,1.9 kPa (39~7 pst) for 
S5S3, 9 kN (2.02 kips) at 1.85 kPa (38.6 pst) for S6L1, 8 kN (1.8 kips) at 2.6 kPa (54.3 pst) 
for S6L2, 7 kN (1.57 kips) at 1.8 kPa (37.6 pst) for S6S1 and 10 kN (2.23 kips) at 1.8 kPa 
(37.6 pst) for S6S2. These values can be compared with a theoretical value computed 
according to Clause 5.2.2 of AS 1538-1988 (Standards Australia (1988)) of 3.24 kN/purlin 
(0.73 kips/purlin) at 2.0 kN/m (11.2 Ibs/in) or 9.72 kN (2.19 kips) for the three purlins at an 
average pressure of 1.5 kPa (31.3 pst). 
6 DESIGN LOADS 
The design of laterally unbraced and intermediately braced beams is set out in Section 3.3 of 
AS 1538-1988 (Standards Australia (1988)). The design procedure is based on the computation 
of the elastic flexural-torsional buckling stress for combination with the yield stress of the steel 
according to Clause 3.3.2 (Maximum Permissible Stress). The Australian Standard allows an 
elastic flexural- torsional buckling analysis to be used in place of the formulae given in the 
standard. For simply supported and continuous beams, a finite element buckling analysis of 
the type described in Section 5.2.2 of Hancock (1994) can be performed allowing for: 
(a) Type of beam support including simply supported or continuous. 
(b) Loading position including top flange, shear centre and bottom flange. 
(c) Positioning and type of braces (bridging). 
(d) Restraint provided by sheeting including the membrane, shear and flexural stiffnesses. 
The analysis described applies to sections symmetric with respect to the plane of loading. For 
the case of C- and Z-sections, a model developed by Ings and Trabair (1984) sets out 
assumptions in relation to the application of the buckling analysis to these sections. The model 
includes diaphragm shear stiffness but not the flexural stiffness of the sheeting. The combined 
bending and shear stresses should also be checked at the ends of laps using Clause 3.4 of AS 
1531\-1988. 
The design loads based on this model taken in conjunction with the fInite element analysis are 
set out in Table 3 and were taken from Lysaght (1993). The factor of safety determined by 
dividing the test line load on the inner purlin by the design load is also given in Table 3. 
The computed factors of safety for the simple supported span tests range from 1.70 to 4.85. 
The values decrease as the bridging is increased. The more slender purlin (Z200-19) clearly 
has lower factors o! safety than the stockier purlin (Z200-25). The factors of safety are lower 
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than for the screw-fastened tests described in Hancock, Celeban and Healy (1993). However, 
they still appear to be adequate for practical purposes. 
The computed factors of safety for the three span lapped Z-section purlins range from 1.66 to 
2.63. The stockier purlins (ZI50-19) have a greater the factor of safety (2.49, 2.63) than 
factors of safety (1.66, 1.74) for the more slender purlins (Z200-15, Z200-19). Clearly the 
factors of safety are decreased as the purlin sections become more slender. This reduction is 
probably a consequence of the influence of the localised force at the bridging points on slender 
purlin sections. 
7 CONCLUSIONS 
The results of the Series 5 tests on single span Z200-25 purlins and Z200-19 purlins with 
concealed fasteners are set out in this paper. No restraint was applied to the purlins and 
sheeting other than that of the cleats attached to the rafters and the attachment of the bridging to 
a wheel system for Tests S5L2, S5L3, S5S2 and S5S3. The wheel system used for Tests 
S5RS2 and S5S3 functioned well and was an improvement over that used for Tests S5L2 and 
S5L3. The wheel system used for Test S5S2 caused localised loading on the purlin and so the 
test result should be discarded. Test SRSS2 replaces Test S5S2. 
The results of the Serie!\ 6 tests on three span lapped Z150-19, Z200-19 and Z200-15 purlins 
with concealed fasteners are set out in this report. No restraint was applied to the purlins and 
sheeting other than that of the cleats attached to the rafters and the attachment of the bridging to 
a wheel system during testing. The wheel system used functioned well and without difficulties 
except for Test S6L1 where dislocation occurred in the northern end span at the pressure of 1.1 
kPa (23.0 psf). The wheel was reset without apparent damage to the specimen. 
Several general conclusions regarding the behaviour of the Series 5 and 6 purlins can be made. 
These are: 
(a) Purlins without bridging twisted more than those with bridging and produced a more 
nonlinear response especially for deflections normal to the plane of the wall. As a 
consequence, purlins with bridging were stiffer in bending in their plane than those 
without bridging. 
(b) All test specimens other than Test S5L1 failed suddenly by localised failure of the 
purlins at the flange-web junction and/or the lip-stiffener. Test S5L1 failed when the 
sheeting broke away from the central purlin which had undergone very substantial 
twisting. 
(c) The clip fastened sheets were not able to transmit shear forces resulting from lateral 
displacement of the purlins. Slippage between a<ljacent sheets was observed and no 
significant diaphragm action was apparent. 
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Several specific conclusions regarding the behaviour of the Series 5 purIins can be made. 
These are: 
(a) It was necessary to attach the bridging to an unyielding support so as to prevent lateral 
displacements of the purIins. The forces in the bridging were measured in Test Nos. 
S5S2, S5RS2 and S5S3. The forces in each of the 2 bridges in Test No. S5S3 were 
each found to be similar to that in the single bridge in Test No. S5RS2 and were 
comparable with those predicted by AS 1538-1988, Clause 5.2.2. 
(b) The loads supported by the Z200-25 purlins with concealed fasteners were 97, 114 and 
103 percent of those supported by the Z200-24 purIins with screw fasteners and 0, 1 and 
2 rows of bridging respectively (Series 3). In the case of the screw fastened purIins 
(Series 3), cyclone washers were used. 
(c) The loads supported by the Z200-19 purIins with concealed fasteners were 84, 54 and 56 
percent of the Z200-25 purIins with concealed fasteners and 0, 1 and 2 rows of bridging 
respectively. This reduction for Test Nos S5RS2 and S5S3 was significantly greater 
than would have been expected based simply on the reduction in section bending capacity 
for the thinner Z200-19 section which would be of the order of 24 percent. The 
reduction is a consequence of the concentrated loading at the bridging points producing 
localised failures at lower loads of slender section. 
(d) The factors of safety based on AS 1538-1988 and a rational flexural-torsional buckling 
analysis ranged from 1.70 to 4.85 with the lower values corresponding to increased 
bridging and/or more slender purlins. 
Several specific conclusions regarding the behaviour of the Series 6 purlins can be made. 
These are: 
(a) It was necessary to attach the bridging to an unyielding support so as to prevent lateral 
displacements of the purlins. The forces in the bridging were measured in all tests. The 
forces in each row of bridging were found to be similar to those in the bridging system 
used in the simply supported concealed fix system tests (Series 5). 
(b) The average value of load supported by the Z150-19 purIins with concealed fasteners 
was the same as that supported by the Z150-19 purlins with screw fasteners and one row 
of bridging (Series 1 Test 2). 
(c) The load supported by the Z200-19 purIins with concealed fasteners was 89 percent of 
. that supported by the Z200-19. purIins with screw fasteners and one row of bridging 
(Series 1 Test 8). 
(d) The load supported by the Z200-15 purIins with concealed fasteners was 90 percent of 
that supported by the Z200-15 purIins with screw fasteners and one row of bridging 
(Series 1 Test 5). 
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(e) The factors of safety based on AS 1538-1988 and a rational flexural-torsional buckling 
analysis ranged from 1.66 to 2.63 with the lower values corresponding to more slender 
purlins. 
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Purlinl Depth Flange (mm) Lips (mm) Thickness 
Test (mm) (mm) 
Wide Narrow Wide Narrow 
Z200-25 203.2 80.42 73.78 21.51 19.22 2.52 
/S5L1 
Z200-25 203.4 80.76 74.06 21.55 19.67 2.55 
/S5L2 
Z200-25 203.5 81.1 74.8 21.82 20.14 2.52 
IS5L3 
Z200-19 203.2 79.83 74.13 17.33 20.43 1.90 
/S5S1 
Z200-19 203.0 80.47 74.33 17.37 20.47 1.90 
/S5S2 
Z200-19 202.9 79.94 74.37 18.0 19.6 1.92 
IS5RS2 
Z200-19 203.3 79.79 73.88 18.14 20.14 1.91 
IS5S3 
Z150-19 152.1 66.15 59.82 18.3 16.94 1.92 
/S6L1 
Z200-19 203.2 80.5 73.87 21.98 19.77 1.92 
/S6L2 
Z200-15 203.2 78.4 74.35 14.5 18.5 1.53 
/S6SI 
Z150-19 152.1 (i5.9 60.98 18.98 16.6 1.93 
/S6S2 
(25.4 nun = 1 in) 
Table l(a) Mean Section Dimension 
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Test No. Purlin Size Yield Stress Ultimate Tensile Strength 
MPa MPa 
1 2 3 1 2 3 
S5L1 Z200-25 N/A N/A N/A N/A N/A N/A 
S5L2 Z200-25 528 520 523 557 551 555 
S5L3 Z200-25 529 523 522 552 549 542 
S5S1 Z200-19 525 541 543 547 566 570 
S5S2 Z200-19 518 518 513 546 549 539 
S5RS2 Z200-19 507 498 502 540 536 537 
S5S3 Z200-19 519 519 508 554 555 548 
S6L1 Z150-19 604 621 620 653 653 652 
S6L2 Z200-19 519 511 516 543 537 540 
S6S1 Z200-15 505 540 543 N/A 564 561 
S6S2 Z150-19 528 527 527 556 556 555 
(1 ksi = 6.895 MPa) 
Table l(b) Actual Measured Yield and Ultimate Tensile Strengths 
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No Test Purlin Size Sheeting No. of Spans Bridging 
5 L1 Z20025 Klip-Lok 1 0 
5 L2 Z20025 Klip-Lok 1 1 
5 L3 Z20025 Klip-Lok 1 2 
5 SI Z20019 Speed Deck 1 0 
5 S2 Z20019 Speed Deck 1 1 
5 RS2 Z20019 Speed Deck 1 1 
5 S3 Z20019 Speed Deck 1 2 
6 L1 Z15019 Klip-Lok 3 1-1-1 
6 L2 Z20019 Klip-Lok 3 1-1-1 
6 SI Z20015 Speed Deck 3 1-1-1 
6 S2 Z15019 Speed Deck 3 1-1-1 
Table 2 Test Specimen Details 
Test Maximum Average 





S5L1 1.81 2.413 
S5L2 2.95 3.933 
S5L3 3.45 4.60 
S5S1 1.52 2.027 
S5S2 1.50 2.00 
S5RS2 1.60 2.133 
S5S3 1.92 2.56 
S6L1 1.89 2.52 
S6L2 2.70 3.60 
S6S1 1.87 2.493 
S6S2 1.87 2.493 
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F(TOP) Computed Computed 
/ Load Line Load 
Factor on on Top 
F(AVER.) Top Purlin Purlin 
(kN/m) 
1.065 1.065 2.57 
1.065 1.065 4.19 
1.065 1.065 4.90 
1.07 1.07 2.17 
1.07 1.07 2.14 
1.07 1.07 2.28 
1.07 1.07 2.74 
1.014 1.014 2.56 
1.058 1.058 3.81 
1.060 1.060 2.64 
1.086 1.086 2.71 
(1 kPa = 20.88 pst) 
(1 kN/m = 5.72 lb/in) 

















Test No. F(Top) I F(Average) 
1.2 kPa 0.6 kPa 
S5L1 1.028 1.004 
S5L2 1.089 1.11 
S5L3 1.077 1.10 
S5S1 1.071 1.096 
S5S2 1.033 1.049 
S5RS2 1.089 1.15 
S5S3 1.088 1.092 
North South North South 
1.2 1.2 kPa 0.6 kPa 0.6 kPa 
kPa 
S6L1 1.02 1.011 1.017 1.007 
S6L2 1.0 1.086 1.076 1.069 
S6S1 1.066 1.082 1.076 1.016 
S6S2 1.065 1.062 1.088 1.13 
(1 kPa = 20.88 pst) 
Table 4 Deflection Ratio of Top Porlin 






































































































































































































































































































































































































Fig. 3 Screw and Concealed Fasteners 
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(a) Typical sheeting profiles for screwed connections 
1"\\.-.......... _____ --I{\'--_. _____ --Ir ~ 41.0mm 
(1 in = 25.4mm) 
(b) Typical sheeting profiles for concealed fasteners 
Fig. 4 Roof and Wall Section Profiles 

